The objective of this study was to evaluate the increasing levels (0, 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6%) of black pepper in diets for laying hens on performance, egg quality and blood biochemical parameters. Hissex White hens (n=168) at 30 weeks of age were used. The experimental method was completely randomized with seven treatments with four replicates of six birds each. Estimates of black pepper levels were determined by polynomial regression. The performance showed no significant differences (p > 0.05). The eggshell percentage was significantly influenced (p < 0.05), in which the level of 0.30% inclusion impaired eggshell quality. Triglycerides level increased significantly (p < 0.05), according to increasing levels of black pepper in the diet. It can be concluded that black pepper can be used in diets for laying hens as phytogenic additive without harming the performance. However, this inclusion causes a reduction in eggshell percentage and an increase in the level of triglycerides in the bloodstream.
Introduction
The concern about animal production is increasingly directed to the quantity and quality of the final product, and its implications for food security, environment and animal welfare. The importance of the interaction between nutrition and health is essential in an animal production system, although factors related to the environment and management also influences the productive performance of the individual and the herd (Gonçalves et al., 2010) . In this context, the additives are used in animal nutrition aiming at animal welfare and maximum performance, and are not harmful to animals and humans, should not leave residues in consumer products and should not contaminate the environment (Russell & Houlihan, 2003) . Among the most currently studied and used additives stand out organic acids (Mroz, 2005) , plants and their extracts (Santurio et al., 2007; Valero et al., 2016; Valero et al., 2014) , enzymes (Martins, Vieira, Berchielli, Prado, & Paula, 2007; Martins, Vieira, Berchielli, Prado, & Garcia, 2006) , probiotics and prebiotics (Maiorka, Santin, Sugeta, Almeida, & Macari, 2001) , which hitherto have shown promising results (Santurio et al., 2007) . Phytogenic additives have gained the attention of researchers, because they act preventing common diseases in animals and also in maintaining health. Phytogenics are also of interest to consumers because they are considered natural alternatives to synthetic compounds (Pearce & Jin, 2010) .
Known worldwide, black pepper is commonly used as a seasoning or ingredient in alternative medicine, because of its active ingredient called piperine. This compound has potential application as a natural additive directed to animal production, as it has several advantages, among which highlights the fact that it is a natural product that can be found in large quantities at low production cost (Parmar et al., 1997; Tatli, Seven, Yılmaz, & Şimşek, 2008) . In addition, it presents a potential metabolization which, in mammals, leaves no residue in the animal organism, different from that recommended with the use of antibiotics, having antioxidative, antiapoptotic and cell recovery activities, suggesting therapeutic use in conditions of compromised immune system (Cardoso et al., 2009) . Cardoso et al. (2009) also stated that the administration of piperine directly in the diet for broilers did not cause mortality in the flock or clinical changes in the general condition of the animals. The results suggest that administration of 1.12 mg piperine per kg body weight for 14 days shows no toxic effects for broilers and stimulates the number of heterophile. At higher doses, there are histopathological changes in the tissues analyzed, and a significant increase of total and specific number of leukocytes.
Considering the above, the present study aimed to evaluate the increasing levels of black pepper in diets for light commercial laying hens on performance, egg quality and blood biochemical parameters.
Material and methods
The experiment was conducted in the facilities of Poultry Sector, Department of Animal and Plant Production (DPAV), Faculty of Agrarian Sciences (FCA), Federal University of Amazonas (UFAM), located in the south sector of the university campus, Manaus, State of Amazonas, Brazil.
The experimental period consisted of 84 days divided into four periods of 21 days each. Before the onset of the experiment, broilers were adapted to feed and facilities for seven days.
The experimental poultry house had 17.0 m in length and 3.5 m in width, containing galvanized wire cages, trough feeders and nipple drinkers. Hissex White laying hens (n = 168) at 33 weeks of age were weighed at the beginning of the experiment in order to standardize the experimental plots, presenting an average weight of 1.54 ± 0.16 kg. The egg collection was performed twice a day (9 and 15 hours), with record of each occurrence (mortality, number of eggs etc).
Hens were arranged in a completely randomized design consisting of seven treatments corresponding to levels of inclusion of black pepper (0; 0.1; 0.2; 0.3; 0.4; 0.5 and 0.6%), with four replicates of six birds per treatment. Throughout the experimental period, birds were exposed to 16 hours of light day -1 (12 hours of natural light + 4 hours of artificial light).
Fresh, whole black pepper was ground to be supplied to birds. Isonutritive diets were formulated using the software Supercrac so as to meet the nutritional requirements of the birds and according to values of the ingredients provided by the Brazilian Tables for Poultry and Swine (Rostagno et al., 2011) , with the exception of composition of black pepper and are listed in Table 1 .
In animal performance, for each period, were evaluated feed intake (g bird -1 day -1 ), egg production (%), egg mass (g), feed conversion (kg feed per kg -1 produced egg -1 ) and feed conversion (kg -1 feed dozen eggs -1 ). In the last two days of each period, were collected at random four eggs each in plot to determine egg quality, in which were evaluated the egg weight (g), albumen weight (%), yolk weight (%), albumen height (mm), yolk height (mm), shell weight (%), shell thickness (μm), specific gravity (g cm -3 ) and yolk color. Before evaluation, eggs were stored for one hour to equalize the temperature to room temperature.
Eggs were weighed on an electronic scale accurate to 0.01 g. The egg mass was obtained by calculating the ratio between egg weight and egg production multiplied by a hundred. Whole eggs after weighing were placed in wire baskets and immersed in plastic buckets with different levels of sodium chloride (NaCl), from the lowest to the highest concentration with density variations from 1.075 to 1.100 g cm -3 , at 0.005 interval. The eggs were taken when floated to the surface, and had the respective values recorded.
For the analysis of albumen and yolk weight, were used a manual separator of albumen and yolk. The albumen and yolk were placed in plastic cups, both tare weighed in an analytical balance, and weighed. To calculate the height of albumen and yolk, they were placed on a flat glass plate to determine their respective values. The procedure for albumen and yolk height measurement is to measure in the median area, between the outer edge of the albumen and yolk. To measure the heights, were used an electronic caliper, with values expressed in millimeters. The weight of the egg shell was obtained after the same are washed, dried at room temperature for 48 hours and then weighed, in grams. Shell thickness was determined with dried shell and the reading was made with the aid of a micrometer. Data were collected in three regions of the shell: basal, meridional and apical, and the values were recorded. From the values obtained in the three regions, were calculated the average thickness of the egg shell in micrometer. To evaluate the color of egg yolk, were used the Roche color fan, ranging from 1 to 15. The determination of the Haugh unit used the methodology proposed by Nogueira, Cruz, Tanaka, Rufino and Santana (2014) .
In the analysis of biochemical parameters, two birds of each treatment were randomly selected, and subjected to blood collection, approximately 3 mL from the ulnar vein, located on the wing of each bird, according to the methodology proposed by Bezerra et al. (2015) . The collected blood was immediately sent to the Poultry Technology Laboratory, Poultry Sector, UFAM, to determine the levels of glucose, triglycerides, cholesterol and pH using a portable biochemical analyzer (Accucheck Trend, ROCHE) with the aid of reagent strips specific to each analysis, except for the pH, which was determined with a pH meter (SENTRON, 1001) coupled to a probe (SENTRON LanceFET, 1074-001) with fine tip penetration inserted directly in blood samples.
Statistical analysis was performed using the software Statistical Analysis System -SAS (2004) and estimates of the treatments were subjected to polynomial regression at 5%.
Results and discussion
There were no significant differences (p > 0.05) between the means of production performance variables (Table 2) with the inclusion of black pepper in the feed. These results diverge from those observed by Pinheiro et al. (2012) , who included forage radish as a feed additive for laying hens, and observed decrease in productive performance. The authors also claim that when used alternative foods, including phytogenic compounds with active biomolecules, it should be taken into account increases or decreases in production performance, which is essential when considering the inclusion of these in poultry diets.
According to Jamroz, Wertelecki, Houszka and Kamel (2006) , phytogenic additives in feeding broiler can help the functions of the intestinal tract due to stimulation of mucus secretion in the intestine, which impairs the adhesion of pathogenic microorganisms and allows maintenance of normal microbiota of the intestinal tract. In laying hens, the results are even scarcer, but, it was observed that the inclusion of up to 0.60% does not directly influence the performance, which according to Galal, El-Motaal, Ahmed and Zaki (2008) , working with the addition of garlic in diets for laying hens, even if not affecting the production performance of poultry, the inclusion of phytogenic additives in feeding of these birds can promote a number of positive side effects in production, such as improvement in egg quality, and in physiological parameters, among others. Toghyani, Toghyani, Gheisari, Ghalamkari and Mohammadrezaei (2010) investigated the performance of broilers fed black pepper and mint and observed an increase in weight gain at 28 days of age, when the broilers were supplemented with 4 g kg -1 mint, although the final weight at 42 days of age has not changed.
Significant differences (p < 0.05) were detected (Table 3) in shell percentage between the treatments. There was a quadratic effect (Y = 0.251x 2 + 0.143x + 10.04 R 2 = 0.64), where from the derivation of the function, were observed the point of best shell percentage (10.04%) at 0.28% level of black pepper inclusion in the diets. These results were superior to those obtained by Fernandes, Murakami, Scapinello, Moreira, and Varela (2009) , when evaluated the inclusion of different levels of vitamin K supplementation in the diet for HyLine ® W36 laying hens at 67 weeks of age.
According to Parmar et al. (1997) and Toghyani et al. (2010) , piperine has biomolecular functions similar to those given by various compounds, including vitamin K. Once the use of phytogenic substances presenting active biomolecular compounds with similar functions to synthetic compounds, in addition to reduce the use of these, they can also aid in the regulation of various metabolic functions and therefore increase production of poultry.
For Trindade, Nascimento and Furtado (2007) , the integrity of the shell has great influence on egg quality, and is one of the factors that producers are more concerned about, because the shell quality may vary due to many factors, and among these, the use of phytogenic additives, such as black pepper, may mean increases in egg quality without the need to use synthetic compounds in the feed.
In the other variables of egg quality, no significant differences were found (p > 0.05), in which the results of these were lower to those found by Ting, Yeh, and Lien (2011) , who assessed the antioxidant function of adding flavonoids from citrus fruits, such as phytogenic substances at different concentrations, to the diet of laying hens at 22 weeks of age, and also verified no significant differences, indicating that the inclusion of phytogenic additives at different concentrations do not necessarily causes losses in egg quality.
There were significant differences (p < 0.05) ( Table  4 ) between values of triglycerides with the addition of different levels of black pepper in diets. There was a quadratic effect (Y = -48.56x 2 + 76.51x + 228.97 R 2 = 0.76), where from the derivation of the function were observed the point of best triglyceride level (259.08 mg dL -1 ) at 0.78% level of black pepper inclusion in the diets. Borsa, Kohayagawa, Boretti, Saito, and Kuibida (2006) argued that with the advent of faster metabolism, light laying hens require greater mobilization of fatty acids and steroid hormones for yolk synthesis than heavier hens, causing significant changes in the level of total triglycerides. Parmar et al. (1997) also claimed that, because piperine is an active ingredient, inclusion of black pepper in diets for poultry can cause metabolic changes, especially in the catabolism of fatty acids and regulation of energy metabolism, which direct affect the physiological response thereof, where the addition of a new element in the diet can cause an increased mobilization of triglycerides from tissues to the bloodstream. 
Conclusion
In summary, black pepper can be added to diets for laying hens as a phytogenic additive without harming the production performance and egg quality. However, this inclusion causes a reduction in eggshell percentage and an increase in the level of triglycerides in the bloodstream.
